DESIGN AND SYNTHESIS OF RENAL DIPEPTIDASE INHIBITORS 



[01] This application claims priority to the three provisional U.S. Applications: Ser. 
No. 60/427,266 filed November 18, 2002; Ser. No. 60/437,270 filed December 
30, 2002; Ser. No. 60/398,653 filed July 27, 2002. The disclosure of each of 
these applications is expressly incorporated herein. 

[02] This invention was made using funds from the United States government, 
particularly grants from the National Institutes of Health CA 57345 and CA 
62924. The U.S. Government therefore retains certain rights in the invention. 

FIELD OF THE INVENTION 

[03] The invention relates to diagnosis and therapy of tumors. In particular it relates to 
compounds useful for diagnosis and therapy of tumors. 

BACKGROUND OF THE INVENTION 

[04] Colon cancer is the second most common cancer in the U.S. and kills more than 
50,000 people each year, but it is also one of the most preventable cancers. 
Screening provides the best prevention. With regular screening, precancerous 
polyps can be detected and removed, thus preventing the development of colon 
cancer. Current screening tests such as sigmoidoscopy, colonoscopy and detection 
of fecal occult blood have significant problems, which have stimulated the search 
for more specific non-invasive tests for the early detection of colorectal cancers. 
In recent Serial Analysis of Gene Expression (SAGE) studies performed on 
normal, adenomatous and cancerous colonic epithelium, the enzyme Renal 
Dipeptidase (RDP) was found to be overexpressed in both benign and malignant 
tumor compared with normal colonic epithelium.] 



[OS] RDP is a glycosylphosphatidyl inositol-anchored enzyme whose major site of 
expression is the epithehal cells of the proximal tubxile of the kidney. The 
enzyme has been extensively analyzed with respect to its catalytic mechanism and 
inhibition kinetics by variety of synthetic inhibitors. RDP is unique among the 
dipeptidases in that it can cleave amine bonds in which the COOH-terminal 
partner is a D-amino acid, providing an excellent opportunity for the development 
of specific probes for its detection in vivo. 

[06] RDP has been extensively analyzed with respect to its catalytic mechanism and 
inhibition kinetics by a variety of synthetic inhibitors.2-4 The crystal structure of 
human renal dipeptidase showed it to be a homodimer with each subxmit 
consisting of a 369 amino acid residue peptide (42 kDa).5 RDP is a zinc- 
containing hydrolytic enzyme that shows preference for dipeptide substrates with 
dehydro amino acids at the carboxyl position. Morover, it can acconmaodate 
substrates with both D- or L-amino acids at that position, providing an excellent 
opportunity for the development of specific probes for its detection in vivo.6 a- 
Aminophosphinic acids, the phosphorous analogues of natural occurring gc- 
aminocarboxylic acids, have received increasing interest in niedicine? and 
synthetic organic chemistry.8-10 The crystal structure of RDP-cilastatin 
complexS has demonstrated that the dipeptidyl moiety of cilastatin is sandwiched 
between the negatively charged and positively charged sidewalls. Both ends of the 
moiety are clamped tightly by hydrophobic interactions. Certain aminophosphinic 
acid derivatives bind to the active site of RDP similar to dipeptides. 12 




Cilastatin 



[07] Dehydropeptide analogs whose scissile carboxamide has been replaced with a 
P0(0H)CH2 group have been found to be potent inhibitors of the zinc protease 
dehydrodipeptidase 1 (DHP-1 renal dipeptidase, EC 304.13.11). a- 
aminophosphinic acids bearing a hydrophobic side chain have been found to 



inhibition of enzymatic activity of VanX. 

[08] There is a continuing need in the art for compounds which are useful for diagnosis 
and therapy of cancers. 

BRIEF SUMMARY OF THE INVENTION 
[09] In a first embodiment of the invention a compound is provided of formula I: 



inhibit APN in the 10"^ molar range. Phosphinate analogs have been reported for 
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wherein 

X is selected from the group consisting of F, CI, Br, I^^^ I, CF3 , NR', and 
radioisotopes thereof; 

Y is selected from the group consisting of H, CH3, OCH3, CF3, F, CI, I, NR', 
and radioisotopes thereof; 

NR' is selected from NH2, N(C1 to C6 alkyl)2, and NH (CI to C6 alkyl); 
Z is selected from the group consisting of O, S, and radioisotopes thereof. 



[10] In a second embodiment of the invention a diagnostic formulation is provided 
which comprises a compound of formula I; 
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wherein 

X is selected from the group consisting of F, CI, Br, I^^^ I, CF3 , NR', and 
radioisotopes thereof; 

Y is selected from the group consisting of H, CH3, OCH3, CF3, F, CI, I, I^^^ , NR', 
and radioisotopes thereof; 

NR' is selected from NH2, N(C1 to C6 alkyl)2, and NH (CI to C6 alkyl); 
Z is selected from the group consisting of O, S, and radioisotopes thereof 



[11] In a third embodiment of the invention a method is provided for detecting^ a 
tumor. The method comprises: 



administering to a subject suspected of carrying a tumor a compound of formula I:. 



wherein 

X is selected from the group consisting of F, CI, Br, I^^^ I, CF3 ,NR', and 
radioisotopes thereof; 

Y is selected from the group consisting of H, CH3, OCH3, CF3, F, CI, I, I^^^ NR\ ^ : 
and radioisotopes thereof; 

m: is selected from NH2, N(C1 to C6 alkyl)2, and NH (CI to C6 alkyl); 
Z is selected from the group consisting of O, S, and radioisotopes thereof; 

detecting localization of the compound within the subject, wherein the localizaitioii is , 
not in the proximal tubules of the kidneys; wherein a localization of the compound : ; • 
indicates a tumor at the localization. 



[12] In a fourth embodiment of the invention a method is provided method of 
inhibiting tumor growth. The method comprises: 

administering to a subject carrying a tumor a compound of formula I: 
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wherein 

X is selected from the group consisting of F, CI, Br, I^^^, I, CF3 ,NR', and . : - 

radioisotopes thereof; 

Y is selected from the group consisting of H, CH3, OCH3, CF3, F, CI, I, I*^^ , NR', 
and radioisotopes thereof; 

NR' is selected from NH2, N(C1 to C6 alkyl)2, and NH (CI to C6 alkyl); 
Z is selected from the group consisting of O, S, and radioisotopes thereof; 

whereby growth of the tumor is inhibited. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[13] Figure 1 shows a synthetic scheme for making compounds of formula 1. 

[14] Figure 2 shows a proposed mechanism of action of renal dipeptidase on a on aUcyl 
amino phosphonic acid derivative. These stable molecules with tetrahedral 
phosphorus species mimic the tetrahedral intermediate of the reaction catalyzed 
byRDP. Thus they inhibit the RDPreversibly. 

[15] Figure 3 A and 3B show additional inhibitors of RDP numba*ed 1-16. These are; 
prepared according to Example 4. 



[16] Figure 4 shows a sheme for making compounds whose activity is shown in Tables 

1 and 2. : .4 n - 

[17] Tables 1, 2, and 3 show inhibitory characteristics for particular compounds of 
formula 1. Ri, R2, and R3 in Table 1 and 2 are substituents on the benzene ring of 
formula I, also called X and Y. Whereas X and Y have no fixed position on the 
benzene ring, Ri, R2, and R3 have positions as shown in the final formula of 
Figure 1 . Table 3 refers to the compounds shown in Figure 4. 

DETAILED DESCRIPTION OF THE INVENTION 

[18] The invention may be embodied in various forms. 

[19] The compound of the invention may be in either the E or the Z isomer. Thus the 
benzene ring may reside on the same or the opposite side of the double bond from 
the carboxyUc acid group. Either isomer is active in the invention. Any halogen 
or CI to C6 haloalkyl or CI to C6 di- or trihaloalkyl or CI to C6 alkyl can be 
used as the group designated as X in formula L These include radioactivje 
isotopes of the halogens. Similarly, Y can be any halogen or CI to C6 haloalkyl, 
or CI to C6 alkoxy group or CI to C6 di- or trihaloalkyl or CI to C6 alkyl. X and 
Y can also be an amine selected from NH2, N(C1 to C6 alkyl)2, and NH (CI to C6 
alkyl). Again, groups comprising radioactive isotopes of these are included. Z 
can be eitiier O or S, or a radioisotope thereof. 

[20] Formulations of the present invention can be any which are safe and relatively 
non-toxic to the subject. The formulation can be specifically designed for oral 
administration to a human subject, for example, comprising agents for flavoring 
or agents to enhance absorption through the intestines. Altematively, the 
compound can be formulated for intravenous administration. Desirably sucli 
formulations will be free of pyrogenic substances and sterile to minimizb adverse 
reactions. 



[21] Upon administration the compound of the invention will localize to places, in the . 
body where the enzyme renal dipeptidase is expressed. The enzyme is tyj)ically 
expressed in the proximal tubules of the kidneys. Localization to this location caii 
be disregarded. However, localization to other locations in the body will indicate 
a tumor, benign or malignant. The tumor may be in the colon or in any other 
organ to which colon cancers metastasize. The tumor may also be of other organ 
origin, such as prostate, breast, stomach, lung, brain, pancreas, or others. 
Localization to any location other than the proximal tubules of the kidneys can be 
regarded as a pathological finding. 

[22] Detection of the compound of formula I in the body of the subject can be by any 
means known in the art. If the compoimd is radioisotopically labeled the 
compound can be detected by a scanning technique, such as PET scanning, 
radionuclide scaiming, or scintigraphy. Those of skill in the art will recognize 
how these techniques are performed as well as variations thereof The jchpice 6^ <■ 
particular technique used is well within the skill of the art. 

[23] Gamma or positron emitting isotopes are particularly useful for imaging target 
sites both in vivo and in vitro. Examples of ganuna or positron emitting isotopes 
include Tc-99m, Ga-67, Ga-68 or In-Ill. For positron emission tomography, Sc^ 
43, Sc-44, Fe-52, Co-55 and Ga-68 may be employed. For fluorescence 
diagnostic techniques, lanthanides may be employed, in particular Pr, Ndv Sin, Eu; 
Gd, Tb^ Dy, Ho, Er, Tm and Yb. Paramagnetic diagnostic techniques typically w 
employ iron such as Fe-54, Fe-56, Fe-57 and Fe-58. Qualitative and quantativie : 
measurements can be made with instrumentation sensitive to each of these forms 
of emission, or properties (optical or magnetic), available in the art. Other iabeis 
can be used as well as radioisotopic labels. Such labels include antigen tags and 
other fluoresent labels. Again those of skill in the art will readily recogriize these ; 
techniques and choose them when appropriate. 

[24] Because the compounds of the invention have been foimd to specifically inhibit 

* > ... 

renal dipeptidase, they can be used therapeutically as well. They can be used to ■ 



inhibit tumor growth. For such purpose, they may but need not be radioactively, 
labeled. Radioactive labels for such puprose may be different atoms than those 
for diagnostic puposes. For example, alpha particle, beta particle or Auger 
electron emitting isotopes may be more desirable than gamma emitter for tfiis 
purpose, to achieve a cytotoxic effect on tumor cells. Suitable alpha emitters 
include, bismulh-211, bismuth-212, bismuth-213, and bismuth-214. Useful beta 
particle emitting isotopes include Sc-46, Sc-47, Sc-48, Ga-72 and Ga-73. 

[25] While the invention has been described with respect to specific examples 
including presently preferred modes of carrying out the invention, those skilled in 
the art will appreciate that there are numerous variations and permutations of the 
above described systems and techniques that fall within the spirit and scope of the , 
invention as set forth in the appended claims. 

EXAMPLES K : i v 

Example 1 — Synthesis of compounds 

[26] Compounds were syntheszied using the Witting-Homer reaction. See Figure 1 . 
These stable tetrahederal phosphorus species act by mimicking the tetrahedrai 
intermediates of the reactions catalyzed by the RDP enzyme. 

[27J We report here the synthesis and biological evaluation of new RDP inhibitors. 
The method employed for the preparation of aminophosphinic afcid derivatives iS 
outlined in Figure 1. Compound 1 was prepared by the condensatibn of 
cyclohexylacetaldehyde, hypophosphoric add and 

aminodiphenyhnethanehydrochloride,^* followed by protection of the NHi and F-' 
OH groups with BOC and CH2N2/^ respectively. Reaction of 1 with trimethyl-2- 
phosphonoacrylate in the presence of NaOMe as base gave an intermediate, which 
subsequently underwent a Wittig-Homer olefination^^ with aldehydes to give, 
mixtures of E and Z isomers, which were separated by column chromatography 
over silica gel. The yields were 30-40% for the Z isomers and 20-30% for the E 
isomers. The protecting groups were removed by treatment with CiFaCbOH 



followed by cone. HCl/^ and the erude products were purified by (X)liimn 
chromatography over silica gel to give 8-11. Known compounds 6 and;? w©re^^^ 
prepared^^ for comparison. The reaction of 6 with NBS gave a mixture of 
products firom which 14 was isolated in 17% yield. Removal of the protective 
groups of 14 gave the corresponding firee acid 15.^^ The dihydro derivative 16 was 
prepared by catalytic hydrogenation of 12 and 13. All compounds were pxirified 
by column chromatography over silica gel and their structures were 
unambiguously confirmed by spectroscopic methods. ^^"^^ 

Example 2 — ^Assay for activity of compounds 

[28] The assay buffer was prepared by mixing 20 mM Tris, pH = 8, 10 |iM ZnG12: 
ImM substrate (e-DNP-L-Lys-D-Amp) stock solution in DMSO was prepared. 
Inhibitors were diluted fi^om MeOH stock solution in water. 20|i of lysate was 
taken in 150 of assay buffer and 20(il of inhibitor was added. The mixture .was; 
incubated at room temperature for 30 min. It was then transferred 'to plated 
temperature for 30 min. It was then transferred to plate containing 2 |il/wellv 
ImM substrate in DMSO. After mixing incubated at 37*^0. Florescence was 
measured at 30 sec intervals. The IC50 values were determined using small 
intestine lysate. Ki values were determined for selected compounds using colon 
cancer lysate. . -^r 



Example 3 — ^Inhibitory activity of compounds 

[29] Compounds according to the invention were assayed as described in Example 2. 
Results of these assays are shown in Tables 1 and 2. Compounds 8, 10, and 12 
appear to have the lowest IC50. 

[30] The RDP inhibition activity of these compounds was determined using crude 
lysates prepared firom human colon cancers. The results are expressed as flie 
concentration of inhibitor needed to inhibit enzyme activity by 50 % (IC50). TTie 
data for the synthesised compounds are shoMoi in Table 1. Human colon cancel 



extracts were prepared by homogenizing one cm of frozen colon tissue in 10 ml 
of 20 mM Tris, pH 8.0, 10 |iM ZnCb, 0.1% Triton X 100. The extract was^ 
clarified by centrifugation at 13,000 x g for 5 minutes at 4^C and, for each 
measurement, 20 (il was diluted into 158 id of 20 mM Tris, pH 8.0, 10 |iM ZnC^. 
20 nl of the synthesised compounds were added to each reaction to obtain final 
concentrations ranging from 0 to 10 |jM. The mixtures were incubated at room 
temperature for 30 minutes to allow enzyme-inhibitor complex formation, and the 
reactions were initiated by the addition of 2 )il of ImM substrate (€DNP-L-Lys- 
D-Amp).^^ While incubating at 37 ^C, fluorescence (A,ex = 320 nm, Xem = 405 
nm) measurements were determined at 30 sec intervals and the relative reaction 
rate was taken as the rate of increase of fluorescence over time. 

[31] From the data in Table 1, it is apparent that compounds 8, 10 and 12 are potent 
RDP inhibitors while 15 and 16 are far less active. In general, compounds with 
the Z configuration (8, 10, and 12) are significantly more active than their £ 
coxmterparts (9, 11 and 13). 



Example 4~General Method of Preparation for compounds 1-16 as shown in Figs. 3 A: 
and3B-' ' 

[32] A solution of 0.504 g (1.64 mmol) methyl -N-Boc-l-amino-2-cyclohexylethyl 
phosphinate in 2.5 ml dry methanol at OOC, was treated drop wise over ten 
minutes with 0.90ml of 2.0N methanolic sodiimi methoxide (L8. mnSol, .1.1 .eq); 
When addition of the base is complete, 0.38 mL (0.48 g, 2.44 mmol,Ml ;5 eq:) pfr2- 
trimethylphosphono-acrylate was added drop wise over 2 minutes* The mixture is 
warned to room temperature and stirred for 30 minutes. The mixture was re- 
cooled to OOC and 2.0 eq of substituted benzaldehyde was added drop wise over 2 



minutes. The mixture was warmed to room temperature when addition pf 
aldehyde was complete. After 1 hour at room temperature the mixture was diluted 
with ethyl acetate and washed with phosphate buffer. The organic layer 
separated and washed with brine and dried over sodium sulphate. After filtration 
and removal of volatiles in vacuo, the crude product was purified by medium 
pressure liquid chromatography. The protecting groups were removed by. 
treatment with trifluoroacetic acid and hydrochloric acid treatment 

[33] Compound 1. IH NMR (400 MHz, CD30D): 5 7.84 (d, IH, J=4Hz), 7.68 (d, 2H, 
J=8Hz), 7.12 (d, 2H, J=8Hz), 3.62 (m, IH), 3.09 (m, 2H), 0.85-1.83 (m, 13H); 
LC-MS m/z 369 [M]+. 

[34] Compound 2. 1 H NMR (400 MHz, CD30D): 6 7.67 (d, 2H, J=^8Hz), 7.14 (d, 2H; 
J=8Hz), 6.95 (d, IH, J=4Hz), 3.62 (m, IH), 3.10 (m, 2H), 0.88-1:81 (ni, 13H)'; 
LC-MS m/z 369 [M]+. 

[35] Compound 3. IH NMR (400 MHz, CD30D): 8 7.78 (d, IH, J=4Hz), 7.55 (d, 2H, 
J=8Hz), 7.47 (d, 2H, J=8Hz), 3.60 (m, IH), 3.11 (m, 2H), 0.83-1.85 (m, 13H); 
LC-MS m/z 430 [M]+. 

[36] Compound 4. IH NMR (400 MHz, CD30D): 6 7.44 (d, 2H, J=8Hz), 7.14 (d, 2H, 
J=8Hz), 6.95 (d, IH, J=4Hz), 3.63 (m, IH), 3.11 (m, 2H), 0.86-1.82 (m, 13H);^ 
LC-MS m/z 430 [M]+. 



[37] Compound 5. IH NMR (400 MHz, CD30D): 6 8.0 (d, IH, J=4Hz), 7.77 (d, IH, ^ 
J=4.4Hz), 7.70 (d, IH, J=8Hz), 7.64 (d, IH, J=8Hz) 7.17 (t, IH, J=8Hz) 3.64 (iii, 
IH), 3.12 (m, 2H), 0.83-1.84 (m, 13H); LC-MS m/z 369 [M]+. 



[38] Compound 6. IH NMR (400 MHz, CD30D): 6 7.61 (d, IH, J=8Hz), 7.27 (d, IH, 
J=4.4Hz), 7.23 (d, IH, J=8Hz), 7.07 (t, IH, J=8Hz) 6.92 (d, IH, J=4Hz) 3.62 (ni, , 
IH), 3.14 (m, 2H), 0.85-1.87 (m, 13H); LC-MS m/z 369 [M]+. 



[39] Compound 7. IH NMR (400 MHz, CD30D): 5 7.88 (d, IH, J=4Hz), 7.78 (d, 2H, 
J=8Hz), 7.68 (d, 2H, J=8Hz), 3.64 (m, IH), 3.12 (m, 2H), 0.82-1.84 (m, 13H); ? 
LC-MS m/z 419 [M]+. 



[40] Compound 8. IH NMR (400 MHz, CD30D): 5 7.58 (d, 2H, J=8Hz), 7.37 (d, 2H, 
J=8Hz), 7.05 (d, IH, J=4Hz), 3.63 (m, IH), 3.14 (m, 2H), 0.85-1.83 (m, 13H); 
LC-MS m/z 419 [M]+. 



[41] Compound 9. IH NMR (400 MHz, CD30D): 6 7.77 (d, IH, J=4Hz), 7.57 (d, 2H, 
J=8Hz), 6.68 (d, 2H, J=8Hz), 3.64 (m, IH), 3.11 (m, 2H), 0.84-1.82 (m, 13H); 
LC-MS m/z 422 [M]+. 



[42] Compound 10. IH NMR (400 MHz, CD30D): 8 7.64 (d, 2H, J=8Hz), 6.67 (iJ,? • 
2H, J=8Hz), 6.56 (d, IH, J=4Hz), 3.63 (m, IH), 3.13 (m, 2H), 0.87-1.83 (m, 
13H); LC-MS m/z 422 [M]+. 



[431 Compound 1 1. IH NMR (400 MHz, CD30D): 5 7.79 (d, IH, J=4Hz), 7.78 (m, 
IH), 7.61 (m, IH), 7.20 (m, IH), 3.64 (m, IH), 3.10 (m, 2H), 0.87-1.84 (m, 13H);,. 
LC-MSm/z403 [M]+. 

[44] Compound 12. IH NMR (400 MHz, CD30D): 6 7.78 (m, IH), 7.61 (m, IH), 7.20 
(m, IH), 6.92 (d, IH, J=4Hz), 3.66 (m, IH), 3.11 (m, 2H), 0.85-1.83 (m, 13H); 
LC-MSm/z403 [M]+. 

[451 Compound 13. IH NMR (400 MHz, CD30D): 8 7.82 (d, IH, J=4Hz), 7.77 (m,. 
IH), 7.55 (m, IH), 7.50 (m, IH), 3.63 (m, IH), 3.11 (m, 2H), 0.86-1.82 (m, 13H); 
LC-MSm/z420[M]+. 

■ - ; , -1 • • 

[46] Compound 14. IH NMR (400 MHz, CD30D): 8 7.75 (m, IH), 7.39 (m, IH), 7.12 
(m, IH), 6.91 (d, IH, J=4Hz), 3.65 (m, IH), 3.13 (m, 2H), 0.84-1.86 (m, 13tQ; 
LC-MSm/z420[M]+. 

[471 Compound 15. IH NMR (400 MHz, CD30D): 8 7.85 (d, IH, J=4Hz), 7.77 (m, 
IH), 7.57 (m, IH), 7.17 (m, IH), 3.63 (m, IH), 3.11 (m, 2H), 0.85-1.87 (m, 13H); 
LC-MSm/z448[M]+. 

>■ : • •;, ..' , 
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[481 Compound 16. IH NMR (400 MHz, CD30D): 8 7.49 (m, IH), 7.20 (m, IH), 7.67^ 
(m, IH), 6.91 (d, IH, J=4Hz), 3.64 (m, IH), 3.10 (m, 2H), 0.86-1.84 (m, 13H); 
LC-MSm/z448[M]+. 
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17. Compound 5: 'H NMR (400 MHz, CD3OD): 5 7.67 (d, 2H, J=8Hz), 7.14 (d, 2H, 
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NMR (125MHz, CD3OD): 8 169.2, 137.5, 137.2, 136.6, 135.2, 127.5, 126.5, 125.8, 
95.3, 46.5, 32.4, 30.8, 31.2, 29.3, 28.2, 25.4, 24.8, 23.6; LC-MS m/z 477 [Mf . 



Table 1. RDP inhibition (IC50 and Ki)"'" values of compounds 
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^ICso Values are determined using small intestine lysate 
•^i Values are determined using colon cancer lysate 



Table 2. RDP inhibition (ICso)^ values of compounds 



Comp. 


Rl 


R2 


R3 


Olefin 
geometry 


IC50 
(nM) 


16 


I 


H 


H 


Z 


100 


17 


I 


H 


H 


E 


2000 


18 


H 


H 


CF3 


Z 


10 


19 


H 


H 


CF3 


E 


200 


20 


H 


CI 


CI 


Z 


20 


21 


H 


CI 


CI 


E 


200 


22 


H 


CI 


F 


Z 


30 


23 


H 


CI 


F 


E 


350 


24 


H 


Br 


F 


Z 


40 


25 


H 


Br 


F 


E 


300 


26 


H 


H 


N(Et)2 


Z 


70 


27 


H 


H 


N(Et)2 


E 


150 



IC50 Values are determined using small intestine lysate 



Table 3. RDP inhibition activity* of compounds 


Compound 


Olefin geometry 


IC50 (nM) 


8 


Z 


5.5 


9 


E 


300 


10 


Z 


8 


11 


E 


25 


12 


Z 


3.5 


13 


E 


60 


15 


Z 


45 


16 




300 



'^ICso values were determined using colon cancer lysate. 
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